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© Semiconductor device and manufacturing method thereof. 



© Floating well regions (10) are provided just under 
trenches in which buried gates (5) are formed. The 
floating well regions (10) moderate an electric field 
concentration in the vicinity of the comer and bottom 
portions of the trenches, in the OFF state of the 
semiconductor device. 

FIG. 4 
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Semiconductor Device and 



BACKGROUND OF THE INVENTION 



Held of the Invention 

The present invention relates to a semiconduc- 
tor device and. more particularly, to an improve* 
ment in the breakdown voltage of a field effect type 
transistor having a vertical channel, such as a so- 
called UMOSFET. 



Description of the Prior Art 

Fig. 1 is a cross-sectional view showing a con- 
ventional N channel type UMOSFET described in 
the document "IEEE TRANSACTIONS ON ELEC- 
TRON DEVICES. VOL ED-34, No. 11, NOVEMBER 
1987. P. 2329", for example. Referring to Fig. 1, an 
N" type epitaxial layer 2 is formed on an N* type 
semiconductor substrate 1. These N + type semi- 
conductor substrate 1 and N~ type epitaxial layer 2 
serve as a drain region. P type well regions 3 are 
formed on the N~ type epitaxial layer 2. The P 
type well regions 3 are generally formed by diffus- 
ing P type impurities into the N~ type epitaxial 
layer 2. The P type well regions 3 are provided 
with U-shaped trenches which are filled up by gate 
electrodes 5 with gate insulation films 4 interposed. 
The gate electrodes 5 are formed by polysilicon 
doped with impurities in high concentration, for 
example. The surfaces of the gate electrodes 5 are 
covered with insulation films 20 to form a buried 
gate structure. N type source regions 6 are 
formed in the surfaces of the P type well regions 3. 
Portions 7 of the P type well regions 3, which 
extend between the N type source regions 6 and 
the N~* type epitaxial layer (drain region) 2 along 
the insulation films 4, are defined as channel re- 
gions. A metal source electrode 8 is formed all 
over the top surface of the shown structure to be 
electrically connected to the N* type source re- 
gions 6 and the P type well regions 3, while a 
metal drain electrode 9 is formed all over the back 
surface of the shown structure to be electrically 
connected to the N* type semiconductor substrate 
(drain region) 1. The gate electrodes 5, the source 
electrode 8 and the drain electrode 9 are con- 
nected to a gate terminal G, a source terminal S 
and a drain terminal D, respectively. 

The operation of this UMOSFET will now be 
described. A main voltage is applied, so that the 
drain terminal D is on a high electric potential and 
the source terminal S is on a low electric potential. 
When a positive bias is applied to the gate terminal 



Manufacturing Method thereof 

G, inversion layers are formed in the channel re- 
gions 7 so that an electronic current flows from the 
N source regions 6 to the N~ epitaxial layer (drain 
region) 2 through the channel regions 7. Thus, the 

6 transistor is turned on. When the positive bias 
applied to the gate terminal G is removed or a 
negative bias is applied to the gate terminal G, the 
inversion layers in the channel regions 7 disappear 
so that the transistor is turned off. 

10 The UMOSFET, having the channel formed 

vertically, has the following advantages as com- 
pared with a DMOSFET, having the channel 
formed laterally. First, the surface area of one cell 
unit of the UMOSFET, including one gate electrode 

75 5 and two N + type source regions 6 adjacent to the 
one gate electrode 5 in the figure, becomes small- 
er than that of the DMOSFET, and hence it be- 
comes possible to enhance integration of cells. 
Secondly, the UMOSFET has no JFET effect, 

20 which is caused between wells in the DMOSFET, 
as is evident from the structure of the UMOSFET, 
so that a semiconductor device having an extreme- 
ly low ON resistance can be implemented. 

In the conventional UMOSFET structured as 

25 hereinbefore described, it is necessary to dig the U 
shaped trenches which reach the N~ type epitaxial 
layer 2 through the P type well regions 3, for 
forming the buried gate structure. The breakdown 
voltage of the device is mainly determined by the 

30 reverse breakdown voltage of a p-n junction formed 
by the P type well regions 3 and the N~ type 
epitaxial layer 2. In the OFF state of the device, a 
depletion layer extends from the P type well re- 
gions 3 to the N" type epitaxial layer 2, to block 

36 the main voltage applied across the source and 
drain terminals S and D. In this case, a strong 
electric field is caused in the portion of the N~ type 
epitaxial layer 2 near the sharp comers and bot- 
toms of the trenches, as shown in a circle A in Fig. 

40 2. As a result, the breakdown voltage of the UMOS- 
FET is disadvantageously decreased; although the 
UMOSFET is able to have a low ON voltage. 

To moderate such a high electric field, a meth- 
od was proposed, in which the bottom corners of a 

46 trench are made rounded, as shown in Fig. 3. In 
this method, however, the gate insulation film 4 is 
relatively thickly formed to be curved at the corner 
of the trench, in general, and thereafter the gate 
insulation film 4 is etched to be in desired thick- 

■ 

so ness. This processing becomes difficult as the 
trench is made finer, such as 3um in width. Fur- 
ther, even by this method, the electric field under 
the bottom of the trench cannot be moderated, as 
shown in a circle B in Fig. 3. 
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SUMMARY OF THE INVENTION 

In a first aspect, a semiconductor device ac- 
cording to the present invention comprises a first 
conductivity type semiconductor layer, a second 
conductivity type first semiconductor region formed 
on the semiconductor layer. The first semiconduc- 
tor region has a trench which reaches the semicon- 
ductor layer through the first semiconductor region. 
The semiconductor device further comprises an 
insulation film formed on the surface of the trench, 
a gate electrode layer formed on the insulation film, 
a first conductivity type second semiconductor re- 
gion formed In a portion of the surface of the first 
semiconductor region adjacent to the trench. A 
portion of the first semiconductor region, which 
extends between the second semiconductor region 
and the semiconductor layer adjacent to the trench, 
acts as a channel. The semiconductor device still 
further comprises a second conductivity type float- 
ing region formed In the semiconductor layer just 
under the bottom of the trench, a first electrode 
layer formed on the first and second semiconduc- 
tor regions, and a second electrode layer provided 
with respect to the back surface of the semicon- 
ductor layer. 

In a second aspect a method for manufactur- 
ing a semiconductor device according to the 
present invention comprises the steps of preparing 
a first conductivity type semiconductor layer, for- 
ming a second conductivity type floating region in 
the surface of the semiconductor layer, forming a 
second conductivity type first semiconductor region 
on the surface of the semiconductor layer, and 
forming a trench in the first semiconductor region. 
The trench reaches said floating region so that the 
surface of the floating region lies below the surface 
of the semiconductor layer. The method further 
comprises the step of forming an insulation film on 
the surface of the trench, forming a first conductiv- 
ity type second semiconductor region in a portion 
of the surface of the first semiconductor region 
adjacent to the trench. A portion of the first semi- 
conductor region, which extends between the sec- 
ond semiconductor region and the semiconductor 
layer adjacent to the trench, is defined as a chan- 
nel region. The method still further comprises the 
steps of forming a gate electrode layer on the 
insulation film, forming a first electrode layer on the 
first and second semiconductor regions, and a sec- 
ond electrode iayer on the back surface of the 
semiconductor layer. 

According to the present invention, an electric 
field at the corner and bottom portions of the 
trench is moderated in the OFF state of a semicon- 
ductor device, and hence a vertical channel type 
semiconductor device of a high breakdown voltage 
can be implemented, in accordance with the 



present invention, when the same voltage as that of 
a conventional device is required, a semiconductor 
device having a lower on-resi stance can be imple- 
mented since the specific resistance of a semicon- 
6 ductor layer of the semiconductor device may be 
lower than that of the conventional one. 

Accordingly, it is an object of the present in- 
vention to provide a semiconductor device having a 
vertical channel and a manufacturing method there- 
to of, which can moderate an electric field so that the 
breakdown voltage of the semiconductor device is 
increased. 

These and other objects, features, aspects and 
advantages of the present invention will become 
is more apparent from the following detailed descrip- 
tion of the present invention when taken in conjunc- 
tion with the accompanying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a cross-sectional view showing a 
conventional UMOSFET; 

Fig. 2 and Fig. 3 are cross-sectional views 
26 showing electric fields in the vicinity of a trench; 

Fig. 4 is a cross-sectional view showing a 
UMOSFET according to an embodiment of a semi- 
conductor device in accordance with the present 
invention; 

30 Rg. 5A to Fig. 5H are cross-sectional views 

showing manufacturing steps for producing the 
UMOSFET shown in Rg. 4; 

Fig. 6 is a cross-sectional view showing the 
moderation of an electric field in the vicinity of a 
35 trench; 

Fig. 7A and Rg. 7B are views showing the 
result of a simulation; 

Rg. 8 is a cross-sectional view showing con- 
ditions of the simulation; 
40 Fig. 9 is a graph showing the result of the 

simulation; 

Rg. 1 0 is a cross-sectional view showing the 
direction of the axis of coordinates of the graph 
shown in Rg. 9; 

45 Rg. .11 is a cross-sectionai view showing a 

VMOSFET according to another embodiment of the 
semiconductor device in accordance with the 
present invention; and 

Rg. 12A and Rg. 12B are cross-sectionai 

so views showing manufacturing steps for producing 
the VMOSFET shown in Rg. 11. 



DETAILED DESCRIPTION OF THE PREFERRED 
55 EMBODIMENTS 

Fig. 4 is a cross-sectional view showing an N 
channel type UMOSFET according to an embodi- 
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ment of a semiconductor device in accordance with 
the present invention. Referring to Fig. 4, impurity 
diffusion layers (hereinafter referred to as floating 
well regions) 10 of the same conductivity type (i.e., 
P type) as the well regions 3 are provided just 
under trenches in which gate electrodes 5 are filled 
up.which is different from the conventional N chan- 
nel type UMOSFET shown in Fig. 1. Other struc- 
tures are the same as in the conventional N chan- 
nel type UMOSFET shown in Fig. 1 . 

The manufacturing process of the N channel 
type UMOSFET shown in Fig. 4 will now be de- 
scribed with reference to Rg.5A to 5H.First, an N~ 
type epitaxial layer 2 is epitaxially grown on an N 
type semiconductor substrate 1, as shown in Fig. 
5A. These N* type semiconductor substrate 1 and 
N~ type epitaxial layer 2 serve as a drain region. 
Then, an oxide film 11 is formed on the surface of 
the N* type epitaxial layer 2. thereafter resist por- 
tions 12 patterned In a predetermined configuration 
are formed on the oxide film 11, as shown in Rg. 
5B. Then, P type impurity ions are selectively 
implanted into the N" type epitaxial layer 2 as 
shown by arrows by using the resist portions 12 as 
a mask, and thereafter the implanted ions are dif- 
fused through heat treatment to form the floating 
well regions 10. 

Then, the oxide film 11 and the resist portions 
12 are removed, and a P type epitaxial layer 14 is 
epitaxially grown on the N~ type epitaxial layer 2, 
as shown in Rg. 5C. Then, an oxide film 15 is 
formed on the surface of the P type epitaxial layer 
14, and thereafter resist portions 16 patterned in a 
predetermined configuration are formed on the ox- 
ide film 15, as shown in Fig. 50. Then, N type 
impurity ions are selectively implanted into the P 
type epitaxial layer 14 as shown by arrows by 
using the resist portions 16 as a mask, and there- 
after the implanted ions are diffused by heat treat- 
ment to form N* type regions 17. Through this heat 
treatment, some P type impurity ions in the floating 
well regions 10 are diffused into the P type epitax- 
ial layer 14, as shown by dotted lines. 

Then, as shown in Rg. 5E, the oxide film 15 
and the resist portions 16 are removed, and an- 
other oxide film 18, which is larger in thickness 
than the oxide film 15, is formed on the surface of 
the P type epitaxial 14 and patterned to open 
windows just above the floating well regions 10. 
Anisotropic etching processing is performed by us- 
ing the patterned oxide film 1 8 as a mask, to dig U 
shaped trenches 19 which reach the floating well 
regions 10. Remaining portions of the epitaxial lay- 
er 14 after the etching processing are defined as P 
type well regions 3, and remaining portions of the 
N* type regions 17 are defined as N* type source 
regions 6. The bottoms of the trenches 19 enter 
the N" type epitaxial layer 2 several urn away from 



interfaces of the N~ type epitaxial layer 2 and the 
P type well regions 3. As a result, the P type 
floating well regions 10 and the P type well regions 
3 are separated from each other. Each floating well 
e region 10 covers all over the bottom surface of the 
corresponding trench 19, and the thickness thereof 
is so selected that any JFET effect is not caused 
between the adjacent P type floating well regions 
10. 

10 Then, the oxide film 18 is removed, and a gate 
insulation film 4 is formed through a thermal oxida- 
tion processing, as shown in Rg. 5F. Thereafter, 
the trenches 19 are buried by depositing a poly- 
silicon layer 21 doped with impurities, for example, 

16 by a CVD method and the like, as shown in Rg. 
5G. Then, the top surface is flattened through a 
flattening technique such as an etchback method, 
to leave only portions of the poiysilicon layer 21 in 
the trenches, as shown in Rg. 5H. These remaining 

20 portions of the poiysilicon layer 21 are defined as 
gate electrodes 5. Then, all the top surface is 
covered with an insulation film 20 through a termi- 
nal oxidation processing. Thereafter, portions of the 
insulation film 20 on the P type well regions 3 are 

25 removed to provide contact holes, and a metal- 
lization processing is performed to form a source 
electrode 8 on a top surface and a drain electrode 
9 on a back surface. Thus, the USMOSFET of the 
structure shown in Rg. 4 is implemented. 

30 The floating well regions 10 are similar in op- 

eration to a field limiting ring used for planar type 
high breakdown voltage devices. When, in an OFF 
state, a depletion layer extends from the P type 
well regions 3 into the N~ type epitaxial layer 2 

35 over the floating well regions 10, an electric field at 
the edge and bottom portions of the floating well 
regions 10 is moderated by virtue of the operation 
of depletion layers extending from the floating well 
regions 10 into the N* type epitaxial layer 2, as 

40 shown in circles C and D in Rg. 6. Thus.the field 
strength is weakened. As a result, the breakdown 
voltage of the UMOSFET is increased. 

Fig. 7 is a cross-sectional view showing the 
result of a simulation of a field distribution, where 

46 Fig. 7A shows an effect under the condition that a 
floating well region 10 is provided and Rg. 7B 
shows an effect under the condition that no floating 
well region 10 is provided. This simulation is per- 
formed on the basis of a structure shown in Rg. 8. 

so Gate and source terminals Q and S are grounded 
and a voltage of 30 V Is applied to a drain terminal 
D. As is evident from; comparing portions in circles 
E1 and F1 in Rg. 7A wfth those in circles E2 and 
F2 in Rg. 7B, the electric field is moderated in the 

65 N~ type layer near the corner and bottom portions 
of the trench, by virtue of the operation of the 
floating well region 10. 

Fig. 9 is a graph showing the result of this 
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simulation along a y-dlrection (i.e., direction of the 
depth) at a position of x = 4,0 jxm in Fig. 10. In 
Fig. 9, solid and dotted lines denote field streng- 
thes (V/cm) in devices having the floating well 
region 10 and no floating well region 10, respec- 
tively. Remarkable difference appears in the vi- 
cinity of y = 5,0 nm. Thus, it is clear that the field 
strength is weakened at the edge of the floating 
well region 10, by virtue of the operation of the 
floating well region 10. 

In the manufacturing method illustrated in 
Fig .5 A to 5H, the P type well region 3, which was 
conventionally formed by diffusion from the top 
surface, is formed by an epitaxial growth method. 
This enhances controllability of the thickness and 
the impurity concentration of the P type well region 
3, i.e., the channel length and the impurity con- 
centration of the channel region. In a low ON 
resistance UMOSFET, the channel resistance is a 
main factor in determining the ON voltage of the 
UMOSFET. In general, the channel resistance Rch 
of a MOS structure is 
Rch = <L/W) {1/(u„ x {J^g - V th )} 
where, L is a gate channel length, W is a channel 
width, u n is a surface electron mobility, £ 5i is the 
dielectric constant of silicon, T w is the thickness of 
a gate insulation film, V G is a gate bias voltage and 
V th is a gate threshold voltage. As is evident from 
the above equation, the channel resistance Rch is 
in proportion to the gate channel length L and 
influenced by the impurity concentration of the 
channel region through the electron mobility n n . 
Therefore, it becomes easy to design a device for 
decreasing the ON voltage of the device by for- 
ming the P type well region 3 by using the epitaxial 
growth method, since the controllability of the 
channel length and the impurity concentration of 
the channel region are increased as hereinbefore 
described. 

Fig. 11 is a cross-sectional view showing an N 
channei type VMOSFET according to another em- 
bodiment of the semiconductor device in accor- 
dance with the present invention. This VMOSFET 
differs from the UMOSFET shown in Rg. 4 in that a 
gate electrode 5 is buried in a V shaped trench 
rather than a U shaped trench, and a floating well 
region 10 is formed around the bottom edge of the 
V shaped trench. The VMOSFET is a sort of a 
vertical channei structure type MOSFET, and the 
channel region 7 thereof is defined obliquely along 
side surfaces of the V shaped trench. Also, in this 
VMOSFET, the breakdown voltage thereof can be 
increased by providing the floating well region 10, 
similarly to the UMOSFET as hereinbefore de- 
scribed. 

Rg. 12 is a cross-sectional view showing the 
manufacturing process of the VMOSFET shown in 
Rg. 11, where the step of Rg. 12A corresponds to 



the step of Rg. 50 of the hereinbefore described 
UMOSFET, and the step of Rg. 12B corresponds 
to the step of Rg. 5E. In Rg. 12A, each floating 
well region 10 is formed in a relatively narrow area, 
s In Rg. 12B, each trench is formed to be in a V 
shape through an isotropic etching processing. 
Other manufacturing steps are the same as those 
of the UMOSFET illustrated in Rg. 5A to 5C and 
5F to 5H. 

10 Although N channel type MOSFETs having a 
vertical channel structure have been described, the 
present invention is applicable to a P channel type 
MOSFET having a vertical channel structure, as a 
matter of course. Further, there is the possibility 

is that the vertical channel structure is employed in 
other transistors such as an insulated gate bipolar 
transistor which is a field effect type transistor 
having a MOS structure, to increase integration of 
cells, and in this case, the floating well structure is 

20 applicable in accordance with the present inven- 
tion. In the case of an insulated gate bipolar tran- 
sistor, a P type semiconductor substrate is em- 
ployed instead of the N* type semiconductor sub- 
strate 1 In Rg. 4. 

25 Although the present invention has been de- 

scribed and illustrated in detail, ft is clearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 

30 tion being limited only by the terms of the appen- 
ded claims. 



Claims 

35 

1 . A semiconductor device comprising: 

- a first conductivity type semiconductor layer (1, 
2) having first and second major surfaces; 

- a second conductivity type first semiconductor 
40 region (3) formed on the first major surface of the 

semiconductor layer (1, 2), the first semiconductor 
region (3) having a trench (19) which reaches the 
semiconductor layer (1, 2) through the first semi- 
conductor region (3); 
46 - an insulation film (4) formed on a surface of the 
trench (19); 

- a gate electrode layer (5) formed on the insulation 
film (4); 

- a first conductivity type second semiconductor 
so region (6) formed in a portion of a surface of the 

first semiconductor region (3) adjacent to the 
trench (19); 

- a portion (7) of the first semiconductor region (3), 
which extends between the second semiconductor 

55 region (6) and the semiconductor layer (1 , 2) adja- 
cent to the trench (19), being defined as a channel 
region (7); 

- a second conductivity type floating region (10) 
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formed in the semiconductor layer (1 , 2) just under 
the bottom of the trench (19); 

- a first electrode layer (8) formed on the first and 
second semiconductor regions (3, 6); and 

- a second electrode layer (9) formed on the sec- 
ond major surface of the semiconductor layer (1, 

2). 

2. The semiconductor device in accordance 
with claim 1, wherein the trench (19) is filled up by 
the gate electrode layer (5). 

3. The semiconductor device in accordance 
with claim 1 or 2. wherein the trench includes a U- 
shaped trench (19), the bottom of which is located 
under an interface of the semiconductor layer (1 , 2) 
and the first semiconductor region (3) (Fig. 4). 

4. The semiconductor device in accordance 
with claim 1 or 2. wherein the trench includes a V- 
shaped trench (19), the bottom edge of which is 
located under an interface of the semiconductor 
layer {1, 2) and the first semiconductor region (3) 
(Fig. 11). 

5. A semiconductor device comprising: 

- a first conductivity type first semiconductor layer 
(2) having first and second major surfaces; 

- a second conductivity type first semiconductor 
region (3) formed on the first major surface of the 
first semiconductor layer (2), the first semiconduc- 
tor region (3) having a trench (19) which reaches 
the first semiconductor layer (2) through the first 
semiconductor region (3); 

- a first conductivity type second semiconductor 
layer (1) which is larger in impurity concentration 
than the first semiconductor layer (2) and formed 
on the second major surface of the first semicon- 
ductor layer (2); 

- an insulation film (4) formed on a surface of the 
trench (19); - a gate electrode layer (5) formed on 
the insulation film (4); 

- a first conductivity type second semiconductor 
region (6) formed in a portion of the surface of the 
first semiconductor region (3) adjacent to the 
trench (19); 

- a portion (7) of the first semiconductor region (3), 
which extends between the second semiconductor 
region (6) and the semiconductor layer (2) adjacent 
to the trench (19), being defined as a channel 
region; 

- a second conductivity type floating region (10) 
formed in the first semiconductor layer (2) just 
under the bottom of the trench (19); 

- a first electrode layer (8) formed on the first and 
second semiconductor regions (3, 6); and 

- a second electrode layer (9) formed on the sec- 
ond semiconductor layer (1). 

6. A semiconductor device comprising: 

- a first conductivity type first semiconductor layer 
(2) having first and second major surfaces; 

- a second conductivity type first semiconductor 



region (3) formed on the first major surface of the 
first semiconductor layer (2), the first semiconduc- 
tor region (3) having a trench (19) which reaches 
the first semiconductor layer (2) through the first 
5 semiconductor region (3); 

- a second conductivity type second semiconductor 
layer (1) formed on the second major surface of 
the first semiconductor layer (2); 

- an insulation film (4) formed on a surface of the 
70 trench (19); 

- a gate electrode layer (5) formed on the insulation 
film (4); 

- a first conductivity type second semiconductor 
region (6) formed in a portion of the surface of the 

75 first semiconductor region (3) adjacent to the 
trench (1 9); 

- a portion (7) of the first semiconductor region (3) 
which extends between the second semiconductor 
region (6) and the first semiconductor layer (2) 

20 adjacent to the trench (19), being defined as a 
channel region; 

- a second conductivity type floating region (10) 
formed in the first semiconductor layer (2) just 
under the bottom of the trench (19); 

25 - a first electrode layer (8) formed on the first and 
second semiconductor regions (3, 6); and 

- a second electrode layer (9) formed on the sec- 
ond semiconductor layer (1). 

7. A method for manufacturing a semiconduc- 
30 tor device, comprising the following steps: 

- preparing a first conductivity type semiconductor 
layer (1 , 2); 

- forming a second conductivity type floating region 
(10) in a surface of the semiconductor layer (1, 2); 

35 - forming a second conductivity type first semicon- 
ductor region (14, 3) on the surface of the semicon- 
ductor layer (1, 2); forming a trench (19) in the first 
semiconductor region (14, 3), the trench (19) reach- 
ing the floating region (10), so that the surface of 

40 the floating region (10) lies below the surface of the 
semiconductor layer (2); 

- forming an insulation film (4) on the surface of the 
trench (19); 

- forming a first conductivity type second semicon- 
45 ductor region (6) in a portion of the surface of the 

first semiconductor region (14, 3) adjacent to the 
trench (1 9); 

- a portion (7) of the first semiconductor region (14, 
3), which extends between the second semicon- 

so ductor region (6) and the semiconductor layer (14, 
3) adjacent to the trench (19), being defined as a 
channel region; 

- forming a gate electrode layer (5) on the insula- 
tion film (4); 

55 - forming a first electrode layer (8) on the first and 
second semiconductor regions (3, 6); and 

- forming a second electrode layer (9) on a back 
surface of the semiconductor layer (1, 2). 
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8. The method for manufacturing a semicon- 
ductor device in accordance with claim 7, wherein 
the step of forming a first semiconductor region 
(14, 3) includes the step of epitaxially growing the 
first semiconductor region. 5 
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FIG.5D 
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FIG. 7A 




io.o-i ' ■ 

f* m 6 LO 2l0 3^0 4l0 5^0 



•I 

♦ * 

■ 

EP 0 345 380 A2 
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